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Decoherence from a spin-chain with three-site interaction
Li-Jun Tian∗,Cai-Yun Zhang,Li-Guo Qin
Department of Physics, Shanghai University, Shanghai, 200444, China
We investigate the time evolution of quantum discord and entanglement for two-qubit coupled to a spin
chain with three-site interaction in the weak-coupling region. If the quantum system evolves from a Bell state,
quantum correlations decay to zero in a very short time at the critical point of the environment. We found
there exist some special interval of the three-site coupling strength in which the decay of quantum discord and
entanglement can be delayed. When the qubits are initially prepared in a Bell diagonal state, the decay of
entanglement is also delayed in the special interval, but the decay of quantum discord is enhanced. Besides, the
sudden transition between classical and quantum decoherence is observed. we found the transition time can be
lengthened at the special range of three-site interaction and shorten by degree of anisotropy.
PACS numbers:
I. INTRODUCTION
Entanglement, which is an important characteristic trait of
quantum mechanics, is playing a key role in quantum informa-
tion processing [1]. It is a type of quantum correlation arising
from the superposition principle of quantum mechanics and
has a wide range of applications on quantum teleportation [2],
quantum cryptography [3], and universal quantum computing
[4]. In fact, it is only one aspect of quantum correlation and
there exist other nonclassical correlations [5–9]. Recent stud-
ies have indicated non-entanglement quantum correlation can
be responsible for the quantum computational speed of deter-
ministic quantum computation with one qubit [10]. Quantum
discord was introduced by Olliver and Zurek to quantify the
nonclassical correlation of bipartite system and it is defined
as the difference between two quantum versions of classical
mutual information [5].
Quantum discord has been studied widely, such as its dy-
namical property and indicating quantum phase transition
[10–16]. It has been shown thermal quantum discord in
Heisenberg models is different from thermal entanglement in
many unexpected ways, and the results point out that it may
be useful in the experimental detection of critical points for
quantum phase transition [11]. Quantum discord could be
considered as a figure of merit for the quantum advantage in
some computational models with little or zero entanglement
[10, 12]. T. Werlang has pointed out that quantum discord is
more robust than entanglement against decoherence and con-
cluded quantum algorithms based on quantum discord can be
more robust than those based on entanglement [13]. Ref. [14]
show that quantum discord may reveal more general informa-
tion than quantum entanglement for characterizing the envi-
ronment’s quantum phase transition.
For a realiatic quantum syatem, it is inevitable to interact
with the environment and the interactions between the quan-
tum system and its environment leads to decoherence which
leads to the destruction of quantum properties. The deco-
herence behaviors of correlation have been investigated in
Markovian and non-Markovian environment and the results
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show that quantum discord vanishes only in the asymptotic
limit in all cases under the Markovian environments [13] and
instantaneously disappear at some time points under a non-
Markovian environment [17]. Moreover, it is found either the
classical or the quantum part of correlation may be unaffected
by decoherence [18, 19]. In addition, the dynamic behavior of
quantum discord under spin environment has been discussed
[20, 21]. It is found that the quantum discord for the two cen-
tral qubits can become minimized rapidly close to the critical
point of a quantum phase transition [20]. Besides, the DM in-
teraction is considered in spin environment. The results imply
the DM interaction can enhance the decay of quantum corre-
lations and this effect can be strengthened by anisotropy pa-
rameter [21]. Recently, studies of decoherence induced by
spin environment have received a great deal of attention [22–
24] and the results revealed that quantum coherence is dra-
matically destroyed at the critical point of the quantum phase
transtion of the external environment [23].
Previous studies have been shown that the three-site inter-
action may play an important role in quantum entanglement
and discord of the bipartite system [25–27]. Thus, it is nec-
essary to consider when environment presents three-site inter-
action, how it affects the evolution of quantum discord of the
central two-qubit system. In this paper, we offer a compara-
tive study of the dynamic behaviors of quantum discord and
entanglement for two-qubit prepared in a class of X-structure
state under spin chain environment. We will show how the
three-site interaction affects those process of the nonclassical
correlation. The paper is organized as follows. We start in sec-
tion II by introducing and diagonalizing the model, and obtain
the reduced density matrix of the central two-qubit system. In
section III, we analytically and numerically evaluate quantum
discord and entanglement, then present the main results. The
last section is devoted to the conclusions.
II. MODEL AND ITS SOLUTION
The total Hamiltonian for two central qubits coupled to an
XY spin chain with three-site interaction is composed of two
parts: the interaction Hamiltonian HI of the central two-qubit
with the chain and the self-Hamiltonian HE of the spin-chain
1environment. They can be written as
H = HI + HE ,
HE = −
N∑
l
(1 + γ
2
σxl σ
x
l+1 +
1 − γ
2
σ
y
lσ
y
l+1 + λσ
z
l )
−
N∑
l
α(σxl−1σzlσyl+1 + σyl−1σzlσxl+1),
HI = −
N∑
l
g(1 + δ
2
σzA +
1 − δ
2
σzB)σzl , (1)
where g
(
1±δ
2
)
denotes coupling strength. σzA(B) and σ
a
l (a =
x, y, z) are Pauli matrices of the two central qubits and the sur-
rounding chain, respectively. N is the total number of the sites
of the chain. The parameter λ characterizes the strength of
the transverse field, γ defines the degree of anisotropy of the
interactions in the x − y plane, and α denotes the strength of
three-site interaction.
The eigenstates of the operator ( 1+δ2 σzA + 1−δ2 σzB) are simply
given by
|φ1〉 = |00〉, |φ2〉 = |01〉, |φ3〉 = |10〉, |φ4〉 = |11〉, (2)
and the Eq. (1) can be written as
H =
4∑
µ=1
|φµ〉〈φµ| ⊗ HλµE . (3)
where the parameter λµ is λ1(4) = λ ± g, λ2(3) = λ ± gδ, and
HλµE is obtained from HλE by replacing λ with λµ. The cen-
tral two-qubit system and the chain environment are supposed
to be initially uncorrelated with the density operator ρtot(0) =
ρAB(0) ⊗ |ϕ〉EE〈ϕ|, where ρAB(0) and |ϕ〉E are the initial states
of the two central qubits and the spin chain environment, re-
spectively. The time evolution of the total system is governed
by ρtot(t) = U(t)ρtot(0)U†(t) with U (t) = exp (−iHt). To ob-
tain analytical expression of the time evolution operator, we
need to diagonalize the projected Hamiltonian HλµE . With the
help of Jordan-Wigner transformation given by
σxl =
∏
s<l
(1 − 2c†scs)(cl + c†l ),
σ
y
l = −i
∏
s<l
(1 − 2c†scs)(cl − c†l ),
σzl = 1 − 2c†l cl,
where cl and c†l are spinless fermion annihilation and cre-
ation operator respectively and employing Fourier transforms
of the fermionic operators described by dk = 1√NΣlcle
−i2πlk/N
with k = −M · · · M and M = (N − 1)/2, following by Bo-
goliubov transformation γk,λµ = cos
θ
λµ
k
2 dk − i sin
θ
λµ
k
2 d
†
−k with
θ
λµ
k = arctan
{
γ sin
(
2πk
N
)
/
[
λµ − cos
(
2πk
N
)]}
, we obtain the di-
agonalized Hamiltonian as
HλµE = ΣkΛ
λµ
k
(
γ
†
k,λµγk,λµ −
1
2
)
, (4)
where the spectrum reads
Λ
λµ
k = 2
[
ε
λµ
k + α sin
(
4πk
N
)]
, (5)
in which ελµk =
{[
cos
(
2πk
N
)
− λµ
]2
+ γ2 sin2
(
2πk
N
)} 12
With the calculation above we can obtain the time evolution
operator for the Hamiltonian:
U (t) =
4∑
µ=1
|φµ〉〈φµ| ⊗ UλµE (t) , (6)
where UλµE (t) = exp
(
−iHλµE t
)
denotes the projected time evo-
lution operator. Then the reduced density matrix of two cen-
tral qubits is obtained by tracing out the environment,
ρAB(t) = TrE[ρtot(t)]
=
4∑
µ,ν
Fµν(t)〈φµ|ρAB(0)|φν〉|φµ〉〈φν|, (7)
where Fµν (t) = 〈ϕE |U†λνE (t) U
λµ
E (t) |ϕE〉. Now we assume that
the two central qubits are initially prepared in an X-structure
state
ρAB (0) = 14
I +
∑
m
cmσ
m
A ⊗ σmB
 , (8)
where m = 1, 2, 3 and I is the identity operator. In order to
expediently obtain an analytical result, we set the parameters
cm to be real. According to Eqs. (7) and (8), in the basis
{|00〉, |01〉, |10〉, |11〉}, the reduced density matrix of the two
central qubits is given by
ρAB(t) = 14

1 + c3 0 0 G
0 1 − c3 W 0
0 W∗3 1 − c3 0
G∗ 0 0 1 + c3,
 (9)
where G = (c1 − c2)F14(t), W = (c1 + c2)F23(t), Fµν(t)
is the decoherence factor, and ∗ denotes complex conju-
gation. It is necessary to obtain the exact expression for
the decoherence factor. Then the groundstates of pure
spin-chain Hamiltonian HλE and the qubit-dressed Hamilto-
nian HλµE can be denoted with |G〉λ and |G〉λµ . We as-
sume that the initial state of the environment |φ〉E is the
ground state |G〉λ of the pure spin-chain Hamiltonian, |G〉λ =
⊗Mk=1(cos
θλk
2 )|0〉k |0〉−k + i sin
θλk
2 )|1〉k |1〉−k. By using the transfor-
mation |G〉λ =
∏M
k=1(cosΘλµk + i sinΘ
λµ
k γ
†
k,λµγ
†
−k,λµ)|G〉λµ with
Θ
λµ
k = (θ
λµ
k −θλk )/2, We can obtain the decoherence factor [25],
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FIG. 1: (a) Entanglement and (b) quantum discord as a function of
time t and three-site interaction α, Other parameters are set as γ= 1,
δ = 0, g= 0.05, λ= 1, and N = 400.
|Fµν(t)| =
M∏
k>0
[1 − sin2(2Θλµk ) sin2(Λ
λµ
k t) − sin2(2Θλνk )
× sin2(Λλνk t) + 2 sin(2Θ
λµ
k ) sin(2Θλνk )
× sin(Λλµk t) sin(Λλνk t) cos(Λ
λµ
k t − Λλνk t) − 4
× sin(2Θλµk ) sin(2Θλνk ) sin2(Θ
λµ
k − Θλνk )
× sin2(Λλµk t) sin2(Λλνk t)]1/2. (10)
When F14(t) → 0, it denotes that the quantum coherence
between the two central qubits is strongly destroyed and un-
dergoes strong decoherence due to the interaction with the
chain environment. When F14(t) → 1, the two-qubit system
is slightly affected by the environment.
III. CORRELATIONS FOR THE TWO-QUBIT
Quantum discord is defined as the difference between the
quantum mutual information and the classical correlation
shared by two subsystems and expressed as:
Q(ρAB) = I(ρAB) − C(ρAB) (11)
where I(ρAB) is the total correlation and C (ρAB) represents
the classical correlation of state ρAB. These two correlation
can be written as:
I(ρAB) = S (ρA) + S (ρB) − S (ρAB), (12)
C(ρAB) = max{S (ρA) − S (ρAB|{ΠBj })}, (13)
where S (ρ) = Trρ log2ρ is the von Neumann entropy, ρA(B) =
TrB(A)(ρAB) is the reduced-density operator of partition A(B),
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FIG. 2: Quantum discord (solid line) and entanglement(dashed-
dotted line) as a function of time t for different α, Other parameters
are set as γ= 1, δ = 0, g= 0.05, α= 0, and N = 400.
S (ρAB|{ΠBj }) = Σ j p jS (ρA|ΠBj ) is a quantum extension of the
classical conditional entropy, and ρA|ΠBj is the reduced state of
partition A after the measurement ΠBj performed on partition
B, with outcome j.
To obtain the quantum discord of ρAB(t), we need to calcu-
late the quantum mutual information and classical correlation.
It is not difficult to calculate the quantum mutual information,
I[ρAB(t)] = 2 +
4∑
n=1
ωn log2 ωn, (14)
whereω1 = 14 (1−c3+|W |), ω2 = 14 (1−c3−|W |), ω3 = 14 (1+c3+
|G|), and ω4 = 14 (1+ c3 − |G|). To calculate the classical corre-
lation C(ρAB), we take the complete set of von Neumann mea-
surement Π( j)B = |φ( j)〉〈φ( j)| as a local measurement performed
on the subsystem B, where |φ(1)〉 = cos θ|0〉 + eiϕ sin θ|1〉,
|φ(2)〉 = e−iϕ sin θ|0〉 − cos θ|1〉 are the two projectors with
θ, ϕ ∈ [0, 2π]. Thus we obtain the reduced density matrices
of subsystem A after measurement,
ρ
(1)
A =
( 1
2 [1 + c3 cos(2θ)] Γ
Γ
∗ 1
2 [1 − c3 cos(2θ)]
)
, (15)
ρ
(2)
A =
( 1
2 [1 − c3 cos(2θ)] −Γ
−Γ∗ 12 [1 + c3 cos(2θ)]
)
, (16)
and the probability p1 = p2 = 12 , where Γ =
1
4 (e−iϕW +
eiϕG) sin(2θ). Subsequently the classical correlation of Eq.
(9) can be calculated as
C[ρAB(t)] = 1 + χ2 log2(1 + χ) +
1 − χ
2
log2(1 − χ), (17)
where χ = max
{
|c3|, |W |+|G|2
}
. Finally, substituting Eqs. (14)
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FIG. 3: (a) Entanglement and (b) the quantum discord as a function
of time t for different α, Other parameters are set as γ= 1, δ = 0, g=
0.05, λ= 0, and N = 400. Here α = 0 (solid line), α = 0.1 (dashed
line),α = 0.5 (dotted line)
and (17) into Eq. (11), we can obtain the expression of quan-
tum discord immediately.
In order to compare the dynamical behaviors between quan-
tum discord and entanglement, we need to calculate entangle-
ment. Now we choose entanglement of formation to quantify
the amount of entanglement for the two-qubit,
E = f
1 +
√
1 − C2
2
 , (18)
where f (x) = −x log2 x− (1− x) log2(1− x) is the binary Shan-
non entropy, and C = max{0, 2λmax −Tr[√ρAB̺]} is the time-
dependent concurrence [28] with ̺ = σyA⊗σ
y
Bρ
∗
ABσ
y
A⊗σ
y
B,
λmax is the the maximum eigenvalue of
√
ρAB̺. We can
obtain concurrence for the state given by Eq. (9), C =
max
{
0, |G|+c3−12 ,
|W |−c3−1
2
}
.
A. Evolution from Pure State
The dynamical behavior of quantum discord and entangle-
ment for two qubit in XY spin environment have been dis-
cussed in [20]. Here we focus on the dynamic phenomena of
the two-qubit due to the three-site interaction. Let us consider
the two-qubit with pure initial state. The parameters are set
as c1 = −c2 = c3 = 1, then the initial state becomes Bell
state 1√
2
(|00〉 + |11〉). Substituting these values into Eqs. (11)
and (18), we obtain the quantum discord and entanglement
of this case, Q = 1−|F14 |2 log2(1 − |F14|) + 1+|F14 |2 log2(1 + |F14|),
E = 1− 1+
√
1+|F14 |2
2 log2(1+
√
1 − |F14|2) − 1−
√
1+|F14 |2
2 log2(1−√
1 − |F14|2). Obviously, both of them are monotonically in-
creasing function of variable |F14 (t) | in the interval [0, 1).
Thus, they behave in a similar way.
Fig. 1 shows the effects of the three-site interaction, which
is consistent with the result in [26], where the concurrence is
discussed in the system. The dynamical behaviors of quan-
tum discord and entanglement are similar as expected and
they both decrease monotonously against time. When t is
0
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FIG. 4: (a) Entanglement and (b) quantum discord as a function of
time t and the three-site interaction α, Other parameters are set as γ=
1, δ=0, g= 0.05, λ= 1, and N = 400.
fixed, quantum discord and entanglement behave as parabo-
las and have maximum value at the same symmetry axis
α = α′. When α is fixed, quantum discord and entangle-
ment decay to zero in a short time. Furthermore, one can
observe that the decay of quantum discord and entanglement
become more sharply with increasing intensity of three-site
interaction α in the region α > α′ and with decreasing α in
α < α′. At the point α = α′, the decay of quantum dis-
cord and entanglement be delayed notably. To understand
this effect, One may turn to the approximation of |F14 (t) |
given in Ref. [26]. For a weak-coupling parameter g and
a large N, |F14 (t) | ≈ e−(τ1+τ2+τ3)t2 with τ1 = 32π
2γ2g2
(λ−1)2 Σ( kL )2,
τ2 =
256π3γ2gα
(λ−1)2 Σ( kL )3, and τ3 =
512π4γ2α2
(λ−1)2 Σ( kL )4. When we fix t,
the exponent (τ1 + τ2 + τ3) is a quadratic function about α, so
there should be an extremum point where |F14 (t) | reach the
maximum value. Since quantum discord and entanglement
are monotonically increasing function of variable |F14 (t) | in
the interval [0, 1), they must reach maximum values at the ex-
tremum point. Consequently, the decay of quantum discord
and entanglement be delayed at α′.
Moreover, from the expression of |F14 (t) |, we can see when
λ → 1, |F14 (t) | will gradually decay against time. Fig. 2
shows the influence of transverse field strength λ on the de-
cay behavior of quantum correlations. One can observe that
quantum discord and entanglement decrease against time as
expected before they tend to stable values, when λ = 1 quan-
tum discord and entanglement suffer sudden death at the same
time.
The situation of λ = 1 have been considered in Fig. 1 and
we found there exist special interval where the decay of the
quantum discord and entanglement can be delayed remark-
ably. Here we consider the case of λ = 0. We plot quantum
discord and entanglement as a function of time t with differ-
ent three-site interactions at λ = 0 in Fig. 3. It is found that
the dynamic behaviors of quantum discord and entanglement
are obviously distinct from the case of λ = 1. The behaviors
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FIG. 5: Quantum discord and entanglement as a function of time t
with different α, Other parameters are set as λ= 1, δ=0.5, g= 0.05,
λ= 1, and N = 400. Here, α = −0.8 (solid line), α = −0.5 (dotted
line), α = 0 (dashed line), α = 0.5 (dashed-dotted line).
show oscillatory decay against time. From Fig. 3, one can
find the absolute value of amplitude is very sensitive to the
three-site interaction. In other words, the absolute value of
amplitude is decreasing with increasing three-site interaction
α, and its decay can be enhanced by α. However, the aver-
age value of quantum discord and entanglement is approxi-
mately remain unchanged. What’s more, the time between
the adjacent peak is shorten with increasing the value of α. To
explain these features, we take a similar tactic employed in
Fig. 1. |F14(t)| = e−d sin2(2̟t), where d = − 8π
2γ2g4
N2(g−1)2(g+1)2
∑kc
k k
2
,
̟ = 1 + 4απkN . Obviously, the exponent of |F14(t)| is quadratic
sine function about α, and this finding indicate attenuation vi-
bration of the nonclassical correlations, which is consistent
with the numerical results shown in Fig. 3.
B. Evolution from Mixed State
In this subsection, we consider the case of two-qubit ini-
tially prepared in the mixed state. We choose the parameters
c1 = 1, −c2 = c3 = 0.2, so the initial state becomes ρAB (0) =
0.6|φ+〉〈φ+| + 0.4|ϕ+〉〈ϕ+ |, where |φ+〉 = 1√
2
(|00〉 + |11〉) and
|ϕ+〉 = 1√
2
(|01〉 + |10〉).
In Fig. 4, we show quantum discord and entanglement as
a function of α and t. One can see that in the special interval
nearby α = −0.5, the decay of entanglement can be delayed
remarkably, while the decay of quantum discord is enhanced.
To understand these features, we take a similar tactic em-
ployed in Fig. 1. Q = 0.4 log2(1.6)+0.2+κ1 log2 κ1−κ2 log2 κ2,
E = −κ3 log2 κ3−(1−κ3) log2(1−κ3), where κ1 = 0.3+0.3|F14|,
κ2 = 0.7+0.3|F14|, κ3 = 1+
√
1−[0.6|F14(t)|−0.4]2
2 , Obviously, quan-
tum discord is a monotonically decreasing function of variable
|F14 (t) |, while entanglement is monotonically increasing at
interval |F14 (t) | ∈ [0.667, 1] and zero at |F14 (t) | ∈ [0, 0.667).
Since there be an extremum point where |F14 (t) | reach the
maximum value. So at the extremum point, the decay of quan-
tum discord is enhanced while the entanglement can be de-
layed. Moreover, from the plot we find that while the entan-
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FIG. 6: Quantum discord (solid line), classical correlation (dotted
line), and total correlation (dashed line) as a function of time t. Other
parameters are set as α = 0, γ= 1, δ=1, g= 0.05, λ= 1, and N = 400.
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FIG. 7: The transition time as a function of three-site interaction α.
Other parameters are set as γ= 1, δ=1, g= 0.05, λ= 1.
glement suffers sudden death after a finite time, the quantum
discord is maintained a stable value during the whole time
period. This imply that the nonclassical correlations may be
more resistant to external perturbations than that of entangle-
ment.
The obvious difference between the behaviors of the quan-
tum discord and entanglement can be found in Fig. 5, where
we consider the influence of the anisotropy parameter. One
can observe that quantum discord and entanglement behaves
in a different way. Quantum discord increase at the first sev-
eral seconds and then decay with time, while EOF only decay
monotonically. At the point of α = 0, the decay of entangle-
ment can be enhanced by increasing parameter γ, while the
increase of quantum discord is strengthened, and the decay
is weaken. For the case of α , 0, we observe that the de-
cay of entanglement can be delayed by increasing the value
of γ. However, under the same situation, both the decay and
increase of quantum discord are notably enhanced. What’s
more, entanglement quickly vanishes in a much shorter time
than quantum discord does.
We now turn to investigate the transition behavior of quan-
tum discord which has been discussed in Ref. [29]. In Fig.
6, we plot the dynamic behaviors of the quantum discord, the
classical correlations and the mutual information against time.
We set the parameter δ = 1, which means one qubit interacts
with the surrounding spin chain and the other is free of the
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FIG. 8: The transition time as a function of the degree of anisotropy
γ. Other parameters are set as α= 0, δ=1, g= 0.05, λ= 1, and N =
400.
environment. The plot clearly shows the sharp transition from
the classical to quantum decoherence and the transition occurs
at t = t′. In the first t′ seconds, the quantum discord is con-
stant and only classical correlation is lost. When t > t′, the
classical correlation does not change with time and the quan-
tum discord decreases.
Fig. 7 show the transition time is relevant to α. One can
observe the transition time displays a parabola against time
and the symmetry axis locates at α = α′. The transition time
increase with α in the interval [1, α′] and decrease in [α′, 1].
The three-site interaction can shorten the transition time t′ in
most cases compare with the case of α = 0. In some special
intervals, the interaction can prolong the transition time. This
feature can be explained by the analysis employed in Fig. 6. In
the special interval of α, the decay of quantum discord can be
delayed, so it is reasonable to expect quantum discord could
keep constant for a longer time than that with otherα. Namely,
the transition time can be prolonged in the special interval.
This is important because a stable quantum discord do favor to
quantum information processing. A. Brodutch et al. [30] have
proposed that the altering of quantum discord is an indicator
of failure to a local operations and classical communications
in implementation of the quantum gates. So it is Valuable to
keep quantum discord a stable value which could be realized
via prolonging the transition time.
In Fig. 8, we adopt fitting method to show the depen-
dency relationship between transition time and the degree of
anisotropy γ. we find t will decrease when γ goes from zero to
a critical point around γ = 0.6 and increase when γ goes from
the critical point to the Positive axis direction. At the critical
point, the transition time is reach a minimum value. The plot
illustrate the transition time can be shorten by the degree of
anisotropy γ.
IV. CONCLUSIONS
In summary, we have studied the time evolution of quan-
tum discord and entanglement for two-qubit coupled to a spin
chain with three-site interaction in the weak-coupling region.
We analyzed the quantum discord and entanglement for two-
qubit prepared in a class of X structure state. If the system
evolute from pure state, we found there exist certain special
interval in which the decay of the quantum discord and en-
tanglement can be delayed. At the critical point of the envi-
ronment, the quantum discord and entanglement suffer sudden
death at the same time. If no transverse field is in presence, We
found the quantum discord and entanglement displays oscilla-
tory decay with time, the absolute value of amplitude is very
sensitive to the three-site interaction. We also considered that
two-qubit initially prepared in Bell diagonal state. The de-
cay of entanglement is delayed in the special interval as in the
case of pure state, while the decay of quantum discord is en-
hanced. We have observed sudden transition between classical
and quantum decoherence for this case, it is found the transi-
tion time can be lengthened at the special interval of three-site
interaction and be shorten by degree of anisotropy. Besides,
we have considered the effect of anisotropy parameter on the
decay behaviors of quantum correlations. It has been shown
the effect of three-site interaction on quantum discord can be
weaken by the anisotropy parameter.
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